A bstract. Conditions of illumination which cause phytochrome to cycle rapidly from P, to PVr. and back lead to the accumulation in vivo of detectable amounts of long-lived intermediates on the P1: to PY,R pathway in oat coleoptile tissue. They appear to decay independently and in parallel to PFni. Their behavior under different intensities of illu.-nination and exposura time suggests that they are homologous with 2 similar intermediates previously observed ix vitro. Available evidence favoring this suggestion is discussed. Equivalent illumination apparently causes far higher steady state levels of absorption by intermediates in vivo than in vitro, suggestion that native phytochrome is in a different physical state in the cell than it is in solution. A difference spectrum for the intermediates in vitro between 365 and 580 nm is presented. It has a maximum at 380 nm, a minimum at 418 nm, and crossover points at 398 and 485 nm. Glycerol in the phvtoohrome sample enhances the signal without otherwise changing the spectrum in any way. The difference spectrum represents the difference in absorption between the combined intermediates and PFR.
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In a preceding paper (3) we showed that longlived phytochrome intermediates accumulate in vitro under continuous mixed red and far red illumination of high intensity. The evidence suggested that 2 kinetically distinguishable intermediates, decaying independently in parallel to Prit could reach steady-state levels high enough to account for almost 10 % of the total phytoc6rome available in the sample. It seemed reasonable to identify the 2 intermediates as the 2 longest-lived forms of phytochrome on the PR to PFR pathway, as elucidated by the flash photolysis experiments of Linschitz et al. (8) .
Two important questions remained unresolved. however. Fiist, do the 2 intermediates seen in vitro represent parallel transformation of 2 distinct molecular species of Pit, or do they represent transformation of a single species via a pathway with alternate routes to a single species of PFr? Though evidence from the literature would seem to favor the former alternative (7, 10) , the question is still unresolved.
Assuming the first alternative, however, the second question is. considerably more important. Do the 2 species assumed in vitro also occur in vivo, or do they result from alte-ration of some but not all of 1 Supported by National Science Foundation Grants GB-2846 and GB-6683 and a grant from Research Corporation to W. R. B.
2 Most of the experiments described in this paper were performed while the senior author was a member of the Department of Biological Sciences, Stanford University,; Stanford, California 94305. the native phytochrome during the extraction procedure? There is excellent evidence that isolated phytochrome may show both alteration in absorption maxima and apparently independent alteration in molecuilar weight during isolation procedures (4). Could the 2 intermediates simply represent 2 different spectral forms arising during extraction and purification, or could they represent different molecular weight forms as well, also arising during extraction ?
The present paper represents an attempt to resolve the problem by looking directly at oat phytochrome in vivo, and studying the intermediates under the same conditions as used in the previous in vitro study. It also presents spectral data on the intermediates in the blue and ultraviolet portion of the spectrum where they had not previously been observed. The data supplement difference spectra presented by Linschitz et al. for intermediates in the red and far red regions of the spectrum. A preliminary report of this work has appeared elsewhere (2).
Materials and Methods
For in vizo studies of phytochrome intermediates, oat seedlings were grown for 5 days in complete darkness as described elsewhere (4 (Fig. 5, right) .
.002
The results were qualitatively similar to those found with liquid samples, suggesLing that one is seeing (1,3) .
Proof that the observed signals obtained came from intermediates only, and not from some unknown spectral changes in protochlorophyll or chlorophyll, was more difficult to obtain than it had been with liquid samples (1, 3) . However, one kind of experiment was done that sheds some light on the problem. The phytochrome in the sample was first entirely Difference Spectrum for Internmediates in Vitro. The design of the spectrophotometer precluded studying the properties of the intermediates in the red and far red regions of the spectrum, since the measuring beam had to be transmitted through a filter which would block the mixed red and far red actinic light from the photomultiplier. However, the instrument was ideal for investigating difference spectra between the intermediates and PFR in the blue and ultraviolet regions of the spectrum. Preliminary observations suggested that it would be useful to find some way to increase signal height, to increase the accuracy of kinetic measurements and to increase signal sizes at different measuring beam wavelengths. It had been observed that samples in 0.5 M sucrose showed slower decay constants following illumina- T I ME, sec The difference spectrum was measured 5 times, twice with buffer, and 3 times with glycerol. Table  I shows maxima, minima, and crossover points for all of these spectra. In each case, absorption spectra were obtained both for PR differences in spectral properties which one could associate with molecular size except possibly the position of the ultraviolet maximum, the peak for the experiment 3 material being at a wavelength 5 to 10 nm longer than that for experiments 1 and 2.
Discussion
There are several lines of evidence suggesting that the spectral changes observed during and after illumination of the coleoptile tip sample are indeed There is 1 quantitative difference between the behavior of the system in vivo and in vitro which must be considered. When one exposes samples to continuouis red light, one sees evidence for accumulation of intermediates, and therefore for pigment cycling both in vivo (Fig. 5 ) and in vitro (Fig. 4  in 3) . However, the size of the signal in terms of the total change inducible by red and far red light is far smaller (less than 0.1 of the total change possible) int vitro (3) than in vivo (almost 0.5 of the total change possible). There are several possible explanations for this difference. First, the spectral properties either of the intermediates or the parent phytochrome as PR or PrR may be different in vivo than in vitro. Second, under identical conditions of temperature and actinic light intensity, the decay constants in vivo may be slower than in vitro (the difficulty in monitoring temperature in the tissue sample precludes determining the extent of such an effect). Third, the rate constants for formation of the intermediates may be more rapid in vivo than in vitro. Finally, any combination of the above 3 possibilities could account for the difference observed. While it is not at present possible to determine which, if in fact any of the above explanations apply, the difference does suggest that the native phytochrome is in a different physical state in the cell than it is in solution, a state which alters either its spectral properties, its rate constants in transformation, or both.
The only other work on phytochrome intermediates in vivo comes from Spruit's laboratory (11) (12) (13) (14) . Of some interest is an intermediate absorbing maximally at approximately 698 nm, which can be driven back to PR. It was observed only at low temperature (-1960) in pea plumules. Cross et al. (5) and Pratt and Butler (9) have observed the same intermediate in purified oat phytochrome solutions, and Spruit also observed it in a crude preparation of maize phytochrome (14) . This intermediate and a second low absorbancy form which arises with sample warming, however, are probably early products in phototransformation, as suggested by all 3 studies, and not the long-lived forms studied in the present paper.
It should be noted that the difference spectrum presented above represents the sum of 2 intermediates and their combined difference from PFR. Though in principal kinetic analyses of the decay curves at each wavelength, followed bv resolution into separate first order components, as was done previously (3), might give further detail on the individual spectra, such an analysis was not attempted since despite the larger signals obtained with glycerol, noise and baseline drift precluded the sort of accurate measurements needed. The nature of the glycerol effect is unknown, but it could be related either to the dehydrating properties of the substance, to its viscosity, or both. In any case, glycerol does not alter the difference spectrum except to increase the steadystate levels of intermediates accumulated during illumination, and as such provides a useful adjunct for their study. It is of some interest that the signals seen with glycerol are more similar to those obtained in vivo, in terms of signal size per unit of phytochrome, than are those with buffer. This observation may provide a lead in determining the environment of the phytochrome in the cell, suggesting perhaps an environment which could be somewhat hydrophobic or viscous or both. It is obvious that further study is needed, however, before any such conclusion is justified.
